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ACETIC ACID AS A CONTRAST AGENT IN 
REFLECTANCE CONFOCAL IMAGING OF TISSUE 



TECHNICAL FIELD 

5 The invention relates to methods and apparatus used for optical diagnosis of tissue 

abnormalities, and more particularly to enhancing detection of tissue abnormalities by reflectance 
confocal imaging of normal and neoplastic tissue, particularly epithelium. 

BACKGROUND 

10 Confocal microscopy is now established as a valuable tool for obtaining high resolution 

images and 3-D reconstructions of a variety of biological specimens. In particular, confocal 
microscopy has the capability to quickly provide information about the biochemical and 
morphological changes that occur as tissue becomes neoplastic. 

In reflectance confocal microscopy, a laser light beam is expanded to make optimal use of 

15 the optics in the objective. Through an X-Y deflection mechanism, the laser beam is turned into a 
scanning beam, focused to a small excitation spot by an objective lens onto a specimen. Reflected 
light is captured by the same objective and, after conversion into a static beam by the X-Y deflection 
mechanism, is focused onto a photodetector. A confocal aperture (e.g., a pinhole) is placed in front 
of the photodetector, such that the reflected light from points on the specimen that are not within the 

20 focal plane (the so called "out-of-focus" light) where the laser beam was focused will be largely 
obstructed by the pinhole. In this way, out-of-focus information (both above and below the focal 
plane) is greatly reduced. This becomes especially important when dealing with thick specimens. 
The spot that is focused on the center of the pinhole is often refened to as the "confocal spot." 

A 2-D image of a small partial volume of the specimen centered around the focal plane 

25 (referred to as an optical section) is generated by performing a raster sweep of the specimen at that 
focal plane. As the laser scans across the specimen, the analog light signal, detected by the 
photodetector, is converted into a digital signal, contributing to a pixel-based image displayed on 
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a computer monitor attached to the confocal microscope. The relative intensity of the light reflected 
from the laser "hif ' point, coiiesponds to the intensity of the resulting pixel in the image (typically 
8-bit grayscale). The plane of focus (Z-plane) is selected by a computer-controlled fme-stepping 
motor which moves the microscope stage up and down. Typical focus motors can adjust the focal 
plane in as little as 0.1 micron increments. A 3-D reconstruction of a specimen can be generated by 
stacking 2-D optical sections collected in series. 

High resolution confocal imaging can be used to obtain near real-time reflected light images 
of human epithelial tissue in vivo with micron resolution. In vivo confocal imaging can provide 
information about subcellular morphologic and biochemical changes in epithelial cells which may 
be useful in the recognition and monitoring of epithelial precancers in organ sites such as the uterine 
cervix and oral mucosa. Much of the work demonstrating the potential of confocal microscopy to 
image cell morphology has been carried out in pigmented tissue where melanin within cells provided 
the confocal signal and image contrast. More recent work has demonstrated confocal microscopy 
has the ability to visualize stmcture in amelanotic cells as well However, the level of native contrast 
between diagnostically important structures such as the nucleus and the remainder of the cell's 
contents can vary significantly among cell types due to differences in cell composition. 

Indeed, a problem with most optical examination systems and techniques, including 
reflectance confocal microscopy, is obtaining suitable signals indicative of the property to be 
measured. Contrast agents have been commorJy applied to tissue in vitro and in vivo to enhance the 
optical return signal of illuminated tissue and thus aid in the extraction of diagnostically useful 
information from the sample. For example, techniques are commonly used to highlight cellular 
structures when using light microscopy to examine tissue samples. On a more gross level, sensitive 
differentiation between normal tissue and neoplasia in various tissue sites has been recently 
demonstrated through the use of S-aminolevulinic acid induced protoporphyrin DC fluorescence. 

Acetic acid is routinely used during colposcopy, a procedure involving examination of the 
cervix in situ with a low power microscope, to enhance differences between normal and diseased 
regions of the cervical epithelium. Areas which may develop into cervical cancer undergo a transient 
whitening (aceto^)s4utcning) visible to the naked eye. While the mechanism behind this phenomenon 
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is not yet fiilly understood, it is commonly agreed that the higher nuclear density present in abnormal 
epithelium is a significant factor. 

The inventors have determined that it would be desirable to provide a technique for by 
enhancing the return optical signal for a reflectance confocal microscopy system in a manner that 
5 enhances the detection of abnormal tissue. The present invention provides such a technique. 

SUMMARY 

The invention includes use of acetic acid as a contrast agent during reflectance confocal 
imaging of normal and neoplastic tissue, particularly epithelium. More particularly, in one aspect, 
10 the invention includes a method of using acetic acid as a contrast agent for confocal imaging of cells, 
including applying acetic acid to the diagnostic tissue sample in sufficient concentration to induce 
a small scale alteration of the index of refraction of nuclei in the cells; and imaging such cells using 
a reflectance confocal imaging system. 

The details of one or more embodiments of the invention are set forth in the accompanying 
15 drawings and the description below. Other features, objects, and advantages of the invention will 
be apparent from the description and drawings, and from the claims. 

DESCRIPTION OF DRAWINGS 

FIGS. 1(a) and 1(b) are scanned photographs of confocal images of MCF7 cells before (left) 
20 and after (right) application of acetic acid. 

FIGS. 2(a) and 2(b) are scanned photographs of phase contrast images of the same cells 
before (left) and after (right) application of acetic acid. 

FIGS. 3(a) and 3(b) show reflected light confocal images near the surface of the epithelium 
(50 ^m deep) and near the basement membrane (200 ^m deep). 
25 FIG. 4(a) shows an image of a colposcopically normal biopsy, pre-acetic acid. 

FIG. 4(b) shows an image of a colposcopically normal biopsy, post-acetic acid. 

FIG. 4(c) shows an image of a colposcopically abnormal biopsy, pre-acetic acid. 

FIG. 4(d) shows an image of a colposcopically abnoniial biopsy, post-acetic acid. 
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FIGS, 5(a) and 5(b) showing in vivo confocal image of oral cavity mucosa before (FIG. 5(a)) 
and after (FIG. 5(b)) addition of acetic acid. 

DETAILED DESCRIPTION 

5 Confirmation of Effect 

The invention includes use of acetic acid as a contrast agent during reflectance confocal 
imaging of normal and neoplastic tissue, particularly epithelium. To examine the effects of acetic 
acid on reflectance at the cellular level, we acquired images of breast cancer cells with a 
conventional confocal microscope using 800 nm illumination {e.g., from a Ti:Sapphire laser) and 

10 providing 1 nm spatial resolution. The cells, from the MCF7 early breast cancer cell line, were first 
imaged in their native state, and then again after the addition of a 6% acetic acid solution. Cell 
viability was confirmed after exposure to acetic acid through the trypan blue exclusion assay. An 
example of a suitable confocal microscopy system is set forth in C. Smithpeter, et al. Near real time 
confocal microscopy of in situ amelanotic cells: sources of signal, contrast agents, and limits of 

15 contrast, J. Biomed. Opt., 19 , which is hereby incorporated by reference. 

FIGS. 1(a) and 1(b) are scanned photographs of confocal images of MCF7 cells before Oeft) 
and after (right) application of acetic acid. In the image of native cells, the nucleus is difficult to 
resolve. The addition of acetic acid causes a dramatic increase in the signal from the nuclei, resulting 
in increased signal and image contrast. From these images, it is evident that acetic acid dramatically 

20 increases the signal from the nucleus. We have shown that spatial fluctuations in index of refraction 
provide image contrast in confocal images. In particular, spatial fluctuations which are small 
compared to the illuminating wavelength provide the greatest increase in signal due to back 
scattering. 

FIGS. 2(a) and 2(b) are scanned photographs of phase contrast images of the same cells 
25 before (left) and after (right) application of acetic acid. FIGS. 2(a) and 2(b) demonstrate that acetic 
acid induces small-scale index variations in the nucleus of a cell, possibly arising from the 
coagulation of nuclear proteins. These results illustrate that acetic acid can be an important contrast 
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agent for confocal imaging of epithelial cells by highlighting nuclear morphology, which can aid 
in the discrimination of normal and neoplastic cells. 

We have also explored the ability of acetic acid as a contrast agent in more complex 
biological specimens. Images were obtained from cervical biopsies a few minutes after exposure to 
6% acetic acid. Biopsies were obtained, snap frozen, stored, and prepared according to protocols 
described in an earlier paper (A. Mahadevan, et al. Study of the fluorescence properties of normal 
and neoplastic human cervical tissue, Lasers Surg. Med. 13, 647-655 (1993)). FIGS. 3(a) and 3(b) 
show reflected light confocal images near the surface of the epithelium (50 ^m deep) and near the 
basement membrane (200 |im deep). In both images, the outlines of cells are clearly visible, as well 
as the cell nuclei. Images obtained before the addition of acetic acid demonstrated similar features; 
however, signal strength and image contrast were reduced (data not shown). 

To demonstrate that confocal imaging using acetic acid to increase the optical return signal 
could be used to discriminate changes associated with neoplasia, we used the confocal system to 
obtain images of a colposcopically nomial and a colposcopically abnormal biopsy from the same 
patient before and after the addition of acetic acid. After confocal imaging, transverse frozen 
sections were cut and stained with hemotoxylin and eosin. Frozen sections were sent to an 
experienced pathologist for histologic examination. Pathologic diagnoses confirmed clinical 
impressions at the time of colposcopy. 

Results are shown in FIGS. 4(a>4(d). FIGS. 4(a) and 4(b) show images of the colpo- 
scopically normal biopsy, and FIGS. 4(c) and 4(d) contains images of the colposcopically abnomial 
biopsy which contained a high grade cervical intraepithelial neoplasia, FIGS. 4(a) and 4(c) are pre- 
acetic acid images of the abnormal biopsy which show the cell outlines and an occasional nucleus. 
The pre-acetic acid images of the abnormal biopsy show increased reflectivity of both the cell 
membranes and the nuclei. In addition, the cells are more crowded and irregularly spaced. FIGS. 
4(b) and 4(d) are post-acetic acid images which show increased signal from the nuclei in both the 
normal and abnormal biopsies. 

Finally, we have used acetic acid as a contrast agent for in vivo imaging of the oral mucosa 
of a normal, male volimteer. Visibility of the nuclei was increased after the addition of acetic acid. 
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FIGS. 5(a) and 5(b) showing in vivo confocal image of oral cavity mucosa before (FIG. 5(a)) and 
after (FIG. 5(b)) addition of 6% acetic acid. 

These results show that after the addition of acetic acid, images of tissue can be obtained 
which illustrate characteristic differences between normal and neoplastic tissue throughout the entire 
5 epithelial thickness. Without the application of acetic acid, it is difiBcult to distinguish the nucleus 
from the cytoplasm of a cell because of low contrast. Since we have achieved similar results using 
acetic acid on multiple cell lines (breast and cervical) and tissue types (cervical and oral mucosa) 
in both in vitro and in vivo situations, acetic acid should be usefiil for improving nuclear contrast in 
a variety of organ sites. 

10 Another aspect of the invention is that, unlike most previous work in which images are 

obtained in real time but then enhanced via time intensive image processing techniques, we present 
images as they appear at the time of acquisition without any post-processing. These images are 
representative of what would be possible for clinical applications requiring near video rate imaging 
and demonstrate the promise of this emerging technology for aiding standard histopathologic 

15 diagnosis. 

Preferred Method 

Having demonstrated that acetic acid can produce measurable differences in optical images 
of cellular tissue which may be diagnostically usefiil, the following is the preferred method of 
20 embodying this discovery in practice: 

(1) Applying acetic acid to the diagnostic tissue sample in sufficient concentration to 
induce a small scale alteration of the index of refraction of nuclei in the cells. Typical 
concentrations of acetic acid are l%-6%, but any medically safe concentration that 
produces the desired alteration in response is suitable. 
25 (2) Imaging such cells using a reflectance confocal imaging system. 
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A- number of embodiments of the present invention have been described. Nevertheless, it will 
be understood that various modifications may be made without departing from the spirit and scope 
of the invention. For example, other apparatus than that described can be used with the inventive 
method. Accordingly, other embodiments are within the scope of the following claims. 
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WHAT IS CLAIMED IS: 

1 . A method of using acetic acid as a contzast agent for confocal imaging of cells, comprising the 
steps of: 

(a) applying acetic acid to the diagnostic tissue sample in sufficient concentration to induce a 
small scale alteration of the index of refraction of nuclei in the cells; and 

(b) imaging such cells using a reflectance confocal imaging system. 
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